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• Units provide reserve around scheduled power PS within [Pmin ; Pmax] range 
Example. Gas-fired power plant 
 
 
 
 
* Fuel valve continuously controlled 
 
• Three loops are responsible for controlling reserves after an imbalance Pi: 
1. Frequency Containment Reserve (FCR) stabilises promptly the f variation 
2. Frequency Restoration Reserve (FRR) restores f → fN (50 Hz) and PT → PE 
3. Replacement Reserve (RR) relieves FRR (RR is often controlled manually) 
 
 
 
 
 
 
 
 
 
 
 
• Nearly 100% of FCR and FRR are provided by non-intermittent generators 
 
• Flexible loads (Industrial Smart Grids) already provide a fair amount of RR 
 
• FRR potential of Industrial Smart Grids is enormous, yet largely untapped 
 
• The challenge is providing FRR and avoiding industrial process disruption 
 
 
 
Example A. Aluminium smelter 
 
 
 
 
* Tap-controlled transformer with 17 discrete tap positions 
Example B. Liquefied Natural Gas (LNG) plant 
 
 
 
 
* Compressor reducing consumption continuously down to 80% 
Example C. Cement processing plant 
 
 
 
 
* Operation with as low as two or as high as eleven crushers on 
Example D. Greenhouse 
 
 
 
 
* Lights continuously dimmed down to 25% or completely shed 
 
∆PT = PT – PE 
(PE = planned inter-
area power flows) 
Motivation and phenomena 
 
 
 
 
 
 
 
 
• As the level of a water tank rises when more water enters than it exits, so 
does the frequency f when power generation is higher than consumption: 
 
 
 
 
 
 
 
• The number of frequency incidents (i.e. f < 49.9 Hz or f > 50.1 Hz) is 
increasing: insufficient power reserves are ultimately responsible for this 
 
Power reserves from Industrial Smart Grids 
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• Harvesting renewable energies is great… 
 
… but we still want to receive our power 
supply even when the sun does not shine 
or the wind does not blow as forecasted 
 
• Reserves cover mismatch between actual 
and predicted generation and consumption 
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Simulation of a power imbalance 
• Power systems are facing challenges in order to meet sustainability goals 
 
• More frequency incidents as more intermittent generators are installed 
 
• While insufficient reserves are ultimately responsible for any frequency 
incident, great amounts of potential power reserves are not fully exploited 
 
• This poster shows that Industrial Smart Grids can provide FRR. Key results: 
a) Industrial Smart Grids may unlock additional revenue from FRR provision 
b) System operators may buy reserves from a larger pool, at a reduced cost 
 
• If you wish to learn more on these topics: D. Fabozzi, N.F. Thornhill and 
B.C. Pal, “Frequency restoration reserve control scheme with participation of 
industrial loads”, submitted to IEEE PowerTech 2013, June 2013, Grenoble 
 
 
 
• Simulation of a 100 MW imbalance in a 
74-bus realistic test system. Two scenarios: 
i.   FRR from non-intermittent generators 
ii.  50% FRR from Industrial Smart Grids & 
      50% from non-intermittent generators 
 
• Satisfactory responses in both scenarios 
 
Conclusions and further information 
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Qualitative dynamic response to a Pi step 
Max duration at Pmax 
 
                    >> 60 min 
 
 
Max duration at Pmin 
 
                    >> 60 min 
 
Max duration at Pmax 
 
                     60 min 
 
 
Max duration at Pmin 
 
                     36 min 
 
Max duration at Pmax 
 
                     60 min 
 
 
Max duration at Pmin 
 
                     48 min 
 
Max duration at Pmax 
 
                     > 60 min 
 
 
Max duration at Pmin 
 
                     > 60 min 
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Max duration at Pmin 
 
                     12 min 
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